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The thermal Infrared emission of Venus measured by Venera-9 
and Venera-10 displays significant asynunetry In the *day-nlgtit 
direction. The emission of the’ night side corresponds to a 
brightness temperature of 244 °K. The brightest temperature o 
the day side is 23J-234 °K. The extent of the upper layer of 
clouds. In which the thermal emission. Is formed. Is 4-6 km. 

The altitude* of the emitting layer above the surface of the 
planet* (64-67 km) Is determined from the brightness temperatur 
and the existing models of the atmosphere of Venus. In some 
cases, correlation Is noted between the liihomogenel fey and fehe 
details of the ultraviolet Image. The day side temperatures 
strangely colclde with the freezing point, of sulfuric acid at 
a concentration of 66-77X* 
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INKKAHEl' EMliiiilON OK TIIK Cl.OUlU? OK VK.NU8 


L. V. KoanToma 1 ll I , Yo. V. Pcvlova , 
L. K. Obukhova, N. V. T«*mtmyn, 
vl. K. Klllppov 


The' Uu'i’nuil InfrnreJ omlartlotk ot* Vejuio mi*aaui’»*0 by 
VtMurra-^ atul Veufra-10 aiaplaya a floant anymmol ry tn 
t h»' aay-nlKhl vUroollon. Tho omlaalon of Iho night oKlt* 
ooi*rt*upoiu1a t o a brlgtitnoaa t cmpi'rat uro ol* .’44^'K. Thf 
brlghtottt t»*mptf i*at uro oT t lu* day aia»* la .Mt-Jl4^'K. Th»* 
oxtont or th«' upptM* layor of oUnuta, lii whloh tlie thermal 
tMulaalon ia I’ormea, la 4-o km. Tlu' altllvulr of t ht t*mlt- 
t Ing layer above the aurrace oV the pl.nnet ^o4-b7 km) la 
Oetermlned from the bright neaa temperature auvt the exlal- 
Ing movlela ol* the atmoaphere ot* Venua. In aome oaaea, 
correlation la noted between the Inhomogene It y and the 
detalla of the ultraviolet Image. The day aide tempera- 
turea atrangely coincide with the freezing point of aul- 
furlc acid at a concent rat Ion of 


The two radlometera of tt»e aame type mount ed on board the Vt'nera- / j * 
d and Venera-10 have an angular reaolutlon of 1..' deg tO.OO ravl), and 
threahold aenaltlvlty of about YO'^'k an»*. a range of 3-11 attd 13-03^. 

Keject Ion of tl\e lnt«*rval 10-13 p preventa dlatortlon of the reaulta 
due to emlaalon of the hlglier layera of the atmoapliere In the carbon 
dioxide band at 1‘) \i . The wavelength of the maximum of t tu* emlaalon 
of Venua occura at t lu» middle of the radiometer range. 

The thermal emlaalon of Venua la formed In the upper layer of the 
cloud cover of the planet. Tlte brlghltteaa temperature of t »\e emitting 
layer la vtetermlned from the meaaured brlghtneaa In the Indicated 
range. The radiation balance v'>f the planet depeiula vMt thla tempera- 
ture. Amojtg the problema of the experiment were the atudy of the 
limb darkening effect. Inveat Igat Ion of local Inhomogenelt lea and 


•Numbera In the margltt Indicate paginal lotj of original 


foreign text. 
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thi»lr rolatlon with pluMionuMui obstTvovl at oUu*r wav«*li*t»t.'thH atul nliivly 
or lont^ltude aiul lat itude etYeots, 


Tt»o altltuvie of the upv'er part of tlie oli ud layer, from wtileh t tie 
emlaaloit rooelved by t lie radiometer original ea, waa found on t lie baa la 
of tlie brt^;htneaa l empt»raturea obtained In tlie experiment with the help 
of the modela of the atmoaplu*re of Venua propoaed by Marov and Kyabov 
llj and Moroz IJJ. Thla altitude la oU-oy km and refei*a to tie level 
where the optleal thleknoaa in the Infrared reaehea unity. The phyal- 
cal propert lea of the emlttln^t medium are tentatively the followliit.';: 

The preaauee la 'jO-liO mb, the denalty la <0. 1 3-0. 18) • lO"^ ^m/em'^. 

The oonoentrat Ion of partlelea of the cloud layer la il0-.’00 cm* ^ l 3], 
their averatJie diameter la about J.J u, while tlie dlaperalon of tl.c 
alsoa la very amall [,^j. The moat probable compoalt Ion of the partl- 
clea la aulfurlc acid with a concent rat Ion of about I'lJ. Ita 

total concentrat Ion with reapect to 00, la about 3*10*''’. The Infra- 
red emlaalon la form«*d In a rather extended layer, whoae brl(j;htneaa 
temperature Ty practically colncKlea with Ita kinetic temperature ( e ] . 

Since tlie temperature of the outer part of thla layer la aomewhat 
lower, the 1 Imb-darkenlinr. effect arlaea tilmllar to that deacrlln*d In 
the literature. It waa ahown In the work of Pollack and Sa^’an L7] 
that within definite llmlta of the coalite of the zenith vilatance of 
the obaerver, all vlarkenln^ modela can be reducevi to the law: 

fejj. • Vi tl ) 

where k and a are conatanta. Another veralon of n’preaent liik'; 3. ,( Vs ) 
which followa from the approximate aolut Ion of the radiation trana- 
equatlon, waa uaed by Chaae, it al. L8]. The darkenltitr coefficient D 
defined by the "boundary temperature" Tj^^ for pP ■ 0 waa lntroduce,l 
here : 

E> =e.(i.ov(i - W 

IK ■ U') 


Where IHl.O) la the brlf.htneaa at the pol:it with p^ ■ 


13 ) 


1 . Then : 



scattering, which Is evlvienily valKl for this problem, utui 
using the Planck nature of the source function, one can flttvl the ab- 
sorption coefficient per unity path length. In any case, the contri- 
bution of the emission from colder layers Increases with decreasing 
U.’, which also determines the ch.nract erlsL Ic form of the curves 

(/>,) or as a function of U»e dlstaitce from the center of the 

disk of the planet. 

rt few words about the models with which the altitude of the 
clouds was evaluated. Figure I presents five temperature-alt li ude 
curves for various models and also for the measurements of Venera-‘>, 
Venera-lO and the radio eclipse data of Narlner-10. Our estimates of 
the altitudes are based on the section of the curve Indicated by 
points, closest In position to tt)e models of Narov and Hyabov, Moroz 
and NASA-11. It Is possible tliat the estimate of the altitudes will 
vary somewhat with further refinement of the models. 

It was Indicated In the expross-communlcat loji about our experi- 
ment [9], In analyzing the obtained data, that their lntei*pret at Ion 
leads to the alternative: either to assume the evening temperature 

to be significantly greater than the day or to use two darke»\lng 
laws different D for the day aiui evening sides. The first results 
obtained with the help of Venera-9 and Venera-lO showed that a tem- 
perature of about Is consistently recorded iti the day zone for 

values of b,*l (Figs. and 3). These measurements practically coin- 
cided with tite averaged resul’ 3 of previous tground-based) determina- 
tions [o]. However, the rad’ometrlc experiment on Marlner-lO Iji Id, ’it 
gave a temperature of In the range 4‘^u[b,10], while the first 

of these works Indicated a small probability of significant diver- 
gences for the brightness temperatures at 10 and U‘iVi. 


There are evidently two causes of the differences In the determi- 
nation of the temperatures. One of them was shown In [di in favor of 
our measuremeitts . Its sense Is that measurements from spacecraft re- 
quire determination of two unknowns: the brightness temperature of 

the emitting layer and tlie law of limb darkmtlng. The temperature can 
be determined strictly If tb.e cosine of the zenith angle of the craft 


^2 Is unity. As fur as we know, this cotulitlon was not sutisried on 
Marlner-1. As was shown later, the darkening law for Venus cantjot 
be determined by an Isolated measurement. Another cause of the diver- 
gence is the thermal asynunetry of Venus, which is the content of this 
article . 


Two different darkening laws for day and night were used In work 
[9]. It was learned soon af\er* that this does not eliminate all diffi- 
culties. While all ivmalned comparatively favorable from the day 
zone and the data fit well In dependence (3)» this approximation was 
unsatisfactory In the zone of the night terminator (evenhig) (Klg. 4). 
Measurements of Venera-10 of November 6, 197'.». are presented here. 

The temperatures In the day zone lie at the level 2i3°K. However, 
with conslderat Ion of m^i tljey arc higher In the even'ng zone. De- 
endence (1) presented In logarithmic form In Fig. b, 

function of , shows that the value of a does not remain constant 

even in narrow zones of Further operation of tlie apparatus of 

Venera-9 and Venera-10 did not leave doubt about tlie stable Increase 
In the night temperatures over the day. Figures 6 and 7 sljow the re- 
sults of measuremetits obtained wltli Increasing phase angle of the 
planet up to ^9 and o4° (November 1 and 9, 197'>, respectively). Al- 
ready In Figure b, the night temperatures sharply Increase near tlie 
terminator for the same values of In the day and night zones. This 
effect Is expressed significantly more strongly In Fig. b. With con- 
sideration of ‘Evening zone, the temperatures reach J3b°K for 

232°K In the day zotie. The asymmetry of the cui’ve Is common for all 
the profiles of Figs. 2, 3, b and 7. A completely new pattern can be 
seeri In Fig. 8. The curve Is symmetric. This Is the night zone of 
the planet. The values of p, ■ 0.999 made It possible to determine 
reliably the night temperature as 244°K with close darkerilng laws 
both In deep night as well as In the evejilng zones. Kepresentat Ion of 
) In the form of (3) gives a good approximation wltli: 

• Bd.OKO.SO ♦ 0.50-/M, ) 


foi’ the day zone and: 

jAi) . Ba.0)(0,60 ♦ O.W-IWi ) 





for tho nl«ht zone, while the approximation la better for the day 
zone. The form of (1) alao repreaents well the reaulta for the nlt^.ht 
zone : 

Valuea of a from O. 3 O to 0.43 were obtained on different daya for the 
day part of the planet. The extent of the layer oorreapondlng to an 
optical thlekneaa of unity la 4-b km. Tlieae reaulta arc conaldered 
In more detail In [11]. 

The tranaltlon of the cloud layer to the night mode of tempera- 
turea beglna already for a drop of the aun to 30-^5*^ atove the horizon. 
It atlll remalna unclear what the condltlona are In the zone of the 
morning terminator, there are practically i\o poaalbll *ea for large 
dlfferencea: the left part of the zone repreaented In Klg. 8 waa 

under night condltlona for about earth days. We cojialder It moat 
likely that becauae of the great length of the aolar day, the tempera- 
ture dlatrlbutlon la quaal-atat lonary In nature and la almllar for the 
evening and morning zonea. (It would be more apeculatlve to make the 
aamc assumption about the high latitude regions.) Thra, the "night 
mode" probably encompasses significantly more than l 80 *^ In longitude. 
Tlje dependence of the brightness temperature on longitude, latitude 
and angle of the aun will undoubtedly be of Intei’est. The studied 
traces encompaan a zone of ^35^ In latitude. The Investigations of 
the polar zonea, which were perfoj’med from orbit by Venera-9 and 
Vcnera-10 only ujider conditions of relatively small ^2 leave the 
possibility of some ambiguity In Interpretation. A satellite of Vetuia 
In a circular polar orbit would be the Ideal apparatus for solving 
this problem. 

Thus, the thermal emlssloji of Venus la asymmetric (Klg. 9). The 
temperatures of the day zone In the region of lat itudes are J33- 

234°K, and 244*^K In the night zone at tlie same latltihies. This is 
tlie second reason for the differences in measurements on the appara- 
tus of Venera-9 and Venera-10 ott the one hand and Marltier-lO on the 
other, since the route of Marlner-10 was mainly over the night side 


of the planet. 


The symmetry of both branches of the curves ^2 ^ obtained 

by Taylor [10] is evidently a consequence of the significant coverage 
of the planet by the "night mode.” In our measurements, this synunetry 
is observed only in the lUght zone. There were sequences in wnlch day, 
evening and night were covered, which gave curves with strongly diverg- 
ing branches (Fig. 10). 

The stable difference of the day and night temperatures has an 
obvious relation with the interception of part of the solar radiation 
by the cloud layer. We assume a probable cause of the decrease in day 
temperatures to be the appearaj^ce of intense convective currents in 
the day zone, which carry part of the radiating substance into the 
zone above the clouds at an altitude of 3-^ km. This leads to a 
change in the exponent a. It remains unclear whether this cause is 
natural. There is a strange coincidence noticed by L. Ksanfomalit i . 
Figure 11 presents the phase diagram of the sulfuric acid solution 
as a function of its concentration. The curve is taken from the work 
of A. Young L5]. The level of the day temperature lies precisely at 
the sharp bend in the curve at the point with the sulfuric acid con- 
centration of 00-77)1. The refractive Index for the solution with 
concentration 70H and temperature 233'^K is 1.^4, which coliicldes 
Ideally with [4]. However, the temperature of J50'^K taken by A. Young 
distinguishes practically nothing with these points of the curve, 
whereas, our values ( 233 ^K) can be interpreted as evidence that the 
upper boundary of the clouds of Venus is somehow related just to this 
point of the phase diagram. There are evidently mechanisms stabiliz- 
ing this level, at least In temperature. One follows from ttie temper- 
ature-pressure dependence of water vapor over sulfuric acid presented 
In the same work of A. Young. The pressure of water vapor over the 
acid with a concentratioit of bSt Is three t Imes greater thati for a 
concentration of 70)1. But the fi’eezlng point at bSS Is above that for 
70%. The difference In pressures provides for the mot Ion of water 
vapor downward to the main mass of the absorber. The freezing drops 
with lower concentration transmit the excess watei vapor to other 
drops, tltereby ejirlchlng the acid and maintaining the liquid state 



(the arrow In Fig. 11). The large Ir.tent heal <»f the phaae tranaltlon 
In the drops of H^SOj^ together with the Intense mixing Imparts a 
steady-state nature to the process, which Is also aided by the sharp 
Increase In the rate of precipitation of drops from the more rarlfled 
upper layers according to the data of L3]: while 10' sec are rev]ulred 

for their drop by one altitude scale height (^> km) at an altitude of 
66 km, only 10^ sec is required at an altitude of 78 km. The capabil- 
ity of sulfuric acid for Intense supercooling 1s also an Important 
fact noted by Pollack In the dlscus&lon to work [12]. 


The mechanism described above permits a completely Independent 
evaluation of the concentration of water vapor (at Uie altitude of the 
emitting layer) from Its pressure. This quantity Is 0.9* 10“^ with 
respect to the pressure of carboti dioxide above sulfuric acid with a 
concentration of and colttcldes well with other determinations, 
for example, [13]. The temperature of 260*^K taken by many American 
Investigators would give an unacceptably high pressure, almost an 
order of magnitude higher. 


Let us now turn to the details In the curves 8 
regions with temperatures decreased by 0.8-1. 4° are 


jp . Extended 
observed In 


several sequences. The length of these sones Is up to 6000 km; we 
see such a pattern lt> Fig. 3- There Is not doubt about their nature; 


these are local elevations of the emitting layer. According to the 
estimate of A. Young, such elevations can exceed the scale helglit. 
It remains surprising In this case that the mechanism stabilizing 
the temperature operates so effectively. 


There Is also great Interest In the fine-scale details of the 
curves. They are clearly traced on Individual profiles, but are oc- 
catlonally absent on other traces Investigated with the same resolu- /1 0 
tlon. Their amplitude does not usually exceed .?°K. Accordltig to the 
available statistics, the resolution under orbital conditions permits 
obtaining details, curves of three types are observed: 

— with weakly expressed details (Fig. 7); 

— with a few periodic details (Fig. 3; Fig. 6). 

In these cases, the small waves on the curves have a spatial extent of 
150-180 km and are separated by Intervals of about 1500 km; tlu'lr 
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correlation with ultraviolet details Is observed. As was shown In 
[9]. one car. assume a relation between these waves and the dynamics 
of the atmosphere of Verms; 

— with a large number of det. Us wUh unclear period. The 
typical dimension of the details (50-63 km) Is an Interesting fact. 
A sharp Increase In resolution does not give any additional details 
(rig. 6). 


Further tanks of the experiment are the study of the night and 
morning zones and also of *:he hlgh-lat Itude regions of the planet. 
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Fig. 1 


Fig. 2 


Fig. 3 


Fig. 4 


Fig. 5 


Pig. 6 


Fig. 7 


. Temperature-altitude curves for different models. The points 
indicate sections of the curve cu» which the altitude esti- 
mates in the article are based. 

. Curve of brightness and brightness temperature Tg in the 
infrared region according to th** data of Venera-10, October 29, 
1975. The approximation by two curves of the type (3) indi- 
cated by points deviates significantly from the curve 
at the edges. The lower curve lo the reading of the 
control ultraviolet photometer. The circles in the upper 
part 1s the resolution scaled on the time axis In terms of 
the velocity normal to the sighting line and the slant range. 
The day temperature is 2^4°K. The phase angle is 57°. 

. October 2b, 1975, Venera-9 transmitted measurements of the 
brightness and temperature Tg after composing the con- 
densed profile with a decrease in temperature by 1-1.4°. The 
typical periodic waves on the curve are separated by inter- 
vals of about 1500 km. The waves are evidently correlated 
with details of the ultraviolet profile. The phase angle is 
5o . 

. Curves of 3^^^ and of Venera-10 for Novembe** 6, 1975. The 
left, evening part of the profile cannot be represented in 
the form (3). The day temperature is 233°K. The phase angle 
is 62°. 

. Change in the exponent a in formula (1) represented as 

. Venera-10, November 6, 1975. B^ 
in arbitrary units. 

. Measurements of Venera-9 of November 1, 1975. The growth in 
and Tg to the left from the maximum value is well noted. 
Periodic waves are noted. Tlie phase angle is 59°. 

. Sharp growth in B and T., to the left and the maximum value 

rn o 

and the terminator. Venera-9, November 9, 1975. The phase 
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Pig. 8. 


angle la 

Night aide of Vanua. The curve la practically aymmctrlc on 
both aldea from Venera-9, November 13, 1975, the 

pliaae an;;la la 12J®. The maximum value of correaponda 
to 244^K. The me&aurementa were performed with high reaolu- 
t Ion. 

Flc. 9. Diagram of the dlatrlbutlon of the conatant componenta of the /l^ 
brlghtneaa of the thermal emlaalon of Vejmo from the aurface 
of the cloud layer In the region of latltudca ^^35*^. The 
variation of the brlghtneaa la approximately linear In the 
tranaltlon sone. View from the North Foie. 



Pig. 10. Day and night branchea of the profllea , preaented In Fig. 

3 and Fig. b aa a function of ^2* 1 la the aame aa In 

Fig. 8, 2 la the aame aa In Fig. 4. 

Fig. 11. Fhaae diagram of the water-aul furlc acid ayatem [4]. The day 
tempe rat urea of 233° coincide with the poaltlon of the mini- 
mum of the curve at 70-7bS aolutlon. The arrow Indlcatea the 
change In compoaltlon of the dropa and the decreaae In ita 
freezing temperature. 
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